Abstract: This experiment was conducted to evaluate the effect of extracted rice bran supplementation in the diet on production performance, feed intake, egg quality, and excreta microflora in laying hens. A total of 288 Hy-line Brown (46 wk old) laying hens were randomly assigned to three different treatments. The three treatments were (1) CON (control), basal diet; (2) T1, basal diet + 0.01% extracted rice bran (ERB); and (3) T2, basal diet + 0.02% ERB. The trial lasted for 6 wk. Egg quality was checked weekly, whereas egg production was recorded daily throughout the trial period. All data were subjected to the GLM procedures of SAS and differences among treatments were separated by Duncan's multiple range test with a P < 0.05 indicating a significance. There were eight replicates per treatment with 12 birds per replicate. The results showed that egg production increased linearly during weeks 5, 6, and in cumulative period (P < 0.05). Improved eggshell thickness was found by increasing dietary ERB levels (P < 0.05). The excreta Escherichia coli and Lactobacillus counts decreased and increased respectively by addition of ERB in the diet. In conclusion, dietary inclusion of 0.02% ERB increased egg production, Lactobacillus counts, and decreased E. coli counts in hens.
Introduction
Rice bran is a component of raw rice obtained in the rice milling process. Rice bran may contain up to 30% starch (Sauvants et al. 2004; NRC 2012) . The concentration of ether extract in rice bran is between 14% and 24%, depending on the rice variety and type of milling rice (Sauvants et al. 2004; Kaufmann et al. 2005; NRC 2012) . Consumption of white rice bran or rice bran extract had beneficial effects on health (Cara et al. 1992; Ausman et al. 2005) . The beneficial components of rice bran include sterols, γ-oryzanol, tocopherols, tocotrienols, and phenolic compounds (Nicolosi et al. 1994; Aguilar-Garcia et al. 2007 ). In addition, Xu et al. (2001) reported that rice bran was rich natural source of vitamin E approximately up to 300 mg kg −1 . However, chickens cannot synthesize vitamin E; therefore, vitamin E requirements must be obtained from dietary sources (Chan et al. 1994) . Previous studies indicated that extracted rice bran (ERB) has numerous therapeutic effects, including hypoglycemic, hypocholesterolemic, anti-inflammatory, and antioxidant properties (Bieklecka et al. 2002; Sierra et al. 2005; Henderson et al. 2012) . ERB has been reported to be able to modulate the immune response, mucosal IgA (Sierra et al. 2005) , and native gut Lactobacillus in mice . Moreover, tocopherols, tocotrienols, and several phenolic compounds have also potentially beneficial effect (Liu 2003) such as antibacterial properties (Kim and Kim 2006) and anti-inflammation (Akihisa et al. 2000; Islam et al. 2008) . A challenge of including rice bran in the diet is its high lipase content because fat contained in the rice bran may quickly become oxidized and rancid (McCaskill and Orthoefer 1994; Prakash and Ramaswamy 1996) . Therefore, rice bran needs to be stabilized by heat treatment such as extrusion to deactivate the lipase and reduce the risk of oxidation (Hargrove 1994) . Alternatively, fat can be removed from rice bran using solvent extraction to produce defatted rice bran. Both full fat rice bran and defatted rice bran are available for animal feeding. Reviewing the literature shows that the effect of rice bran added to the diet in laying hens has been studied but the studies on ERB supplementation are limited. Therefore, the objective of this study was to evaluate the effect of ERB on production performance "feed intake, egg production, and egg quality", and excreta microflora in laying hens.
Materials and Methods

Source of ERB
The ERB used in this study was provided by Tianjin Tianlong Agricultural S&T Co., Ltd., Tianjin, People's Republic of China. The ERB was reported to contain 3650 kcal kg −1 metabolizable energy, 11.0% moisture, total vitamin E, ≥40 mg g −1 γ-oryzanol, and 22.0 mg g −1 total anthocyanins. In summary, 100 g rice (Oryza sativa indica) after dehulling was milled and extracted in 2000 mL methanol (800 mL L −1 ) in water. According to the supplier's information, this crude extract was refluxed at 75-78°C for 3 h, shaken in an ultrasonic bath for 30 min, cooled, and stored in the dark at 4-8°C for 7 d, after which the sediment was removed by centrifugation at 3000 rev min −1 for 15 min. The extract was concentrated using a vacuum rotary evaporator at 50°C and freeze-dried giving a yield of dried extract of 0.5 g. This dried extract was kept in a deep freezer at −80°C until used (Sangkitikomol et al. 2010 ).
Birds, housing, and experimental design
The use and management of birds in this study was approved by the Animal Care and Use Committee of Dankook University. A total of 288 Hy-line Brown 46 wk old laying hens were used in 6 wk feeding trial. Birds were randomly assigned to one of three treatments with eight replicates and 12 birds per replicate. Hens were housed in individual cages in a windowless and environmentally controlled room with constant temperature of 21°C and light regime was set at 16 h light : 8 h dark. Birds were given ad libitum access to feed and water throughout the trial period. The three treatments were (1) CON, basal diet; (2) T1, CON + 0.01% ERB; and (3) T2, CON + 0.02% ERB. Experimental diets were formulated according to the recommendations of the breeder's manual for Hy-line Brown and provided in mash form (Table 1) .
Laboratory analysis
Feed samples were dried at 70°C for 72 h, and were finely ground to pass through a 1 mm screen. Samples were analysed for dry matter (DM; method 934.01; Association of Official Analytical Chemists (AOAC) 2000), and N (method 968.06; AOAC 2000) by an N analyzer (Kjectec 2300N Analyzer; Foss Tecator AB, Höganäs, Sweden). The basal diets were also analyzed for calcium (Ca; method 984.01; AOAC 1995), and phosphorus (P; method 965.17; AOAC 1995). Individual amino acid (AA) composition was measured using an AA analyser (Beckman 6300; Beckman Coulter Inc., Fullerton, CA, USA) after a 24 h hydrolysis in HCl.
Sampling and measurements
Egg production and feed consumption were recorded daily and weekly, respectively. The egg production was expressed as an average hen-day production. Egg quality was checked every week throughout the trial period. A total of 24 saleable eggs (no shell defects, cracks, or double-yolked) were randomly collected at the hour of 1700 from each treatment (three per replicate, n = 24). Out of these 24 eggs, we used 20 eggs per treatment to determine the egg quality at the hour of 2000 on the same day. Eggshell breaking strength was evaluated using egg shell force gauge model II. Egg weight, yolk colour, yolk height, and Haugh unit were evaluated using an egg multi tester. Finally, egg shell thickness of the large end, equatorial region, and the small end were measured using a dial pipe gauge.
At the end of experiment, excreta samples were collected randomly chosen five replicate cages per treatment and pooled on cage basis. They were placed on ice for transportation to the laboratory where analysis was immediately carried out by the method of Hossain et al. (2015) . One gram of excreta sample from each cage was diluted with 9 mL of 1% peptone broth (Becton, Dickinson and Co., Franklin Lakes, NJ, USA) and homogenized. Viable counts of bacteria in the excreta samples were then conducted by plating serially diluted samples (10-fold dilutions in 1% peptone solution) onto MacConkey agar plates (Difco Laboratories, Detroit, MI, USA) and lactobacilli medium III agar plates (Medium 638, DSMZ, Braunschweig, Germany) to isolate Escherichia coli and Lactobacillus, respectively. The Lactobacilli medium III agar plates were then incubated at 39°C for 48 h under anaerobic conditions. The MacConkey agar plates were incubated at 37°C for 24 h. The number of E. coli and Lactobacillus colonies was counted immediately after removing the plates from the incubator.
Statistical analysis
All the data were analysed as a completely randomized design using mixed procedures of SAS (SAS Institute Inc. 2004). Polynomial regression was used to describe the shape of the response to increasing concentration of ERB in the diets. Duncan's multiple range tests were used to compare mean values. Probability level of less than 0.05 was considered as statistically significant.
Results
The results of production performance and feed intake are summarized in Table 2 . Feeding the laying hens with diet supplemented with ERB resulted in significant improvement in egg production percentage during weeks 5, 6, and in the cumulative period (P < 0.05). However, diet supplemented with ERB did not have any effect on feed intake (P > 0.05).
The results of egg quality assay (Table 3) showed that dietary levels of ERB had significant effect on eggshell thickness (P < 0.05), but no significant different was observed on other egg quality parameters (e.g., eggshell colour, egg weight, yolk height, yolk colour, Haugh unit, and eggshell strength) in cumulative period.
Supplementing the diet with 0.02% of ERB significantly increased the count of excreta Lactobacillus (Table 4 ). In addition, increasing inclusion of ERB up to 0.02% linearly reduced (P < 0.05) the count of excreta E. coli.
Discussion
In this study, egg production in laying hens was improved by diets containing ERB. Currently, there is little information on the influence of ERB supplementation on production performance, feed intake, egg quality, and excreta microflora in laying hens. Consistent with our results, Li et al. (2014) have reported that increased egg production performance was observed by dietary inclusion of 0.02% rice bran extract in laying hens. According to Xu et al.'s (2001) research, rice bran was rich natural source of vitamin E (up to 300 mg kg
−1
). The positive effect of vitamin E supplementation on egg production and egg mass may be explained by the concentration of yolk precursor proteins (Puthpongsiriporn et al. 2001) . Whitehead et al. (1998) have reported that dietary vitamin E at 250 mg kg −1 could provide optimum egg production compared with that at 10 mg kg −1 . In addition, it has been illustrated that dietary supplementation of 0.02% rice bran extract exert positive effects on the fecal Lactobacillus counts and decrease fecal E. coli counts in laying hens (Li et al. 2014) . Thus, in this study, we hypothesized that dietary ERB supplementation at 0.02% could improve intestinal function, and subsequently improve health of laying hens, which might support for increasing egg production percentage in laying hens. Data with respect to egg quality indicated that eggshell color, egg weight, yolk height, yolk color Haught unit, and eggshell strength were not significantly affected by increased ERB levels. Currently, there is little data on the influence of ERB supplementation on laying hens; thus, there are no comparisons could be made with other studies. However, it has been reported that the effect of dietary supplementation of 20%, 30%, and 40% rice bran had no significant difference on yolk, albumin, shell (Abeyrathna et al. 2015) , which were in line with our finding. In addition, other studies showed that increasing of RB level up to 10% (Nobakht 2007) or 15% (Ersin Samli et al. 2006 ) had no effect on egg-quality Note: CON (control), basal diet; T1, CON + 0.01% extracted rice bran; T2, CON + 0.02% extracted rice bran; SEM, standard error of the mean. Means in the same row with different lowercased letter differ (P < 0.05). Note: CON (control), basal diet; T1, CON + 0.01% extracted rice bran; T2, CON + 0.02% extracted rice bran; SEM, standard error of the mean. Means in the same row with different lowercased letter differ (P < 0.05). Note: CON (control), basal diet; T1, CON + 0.01% extracted rice bran; T2, CON + 0.02% extracted rice bran; SEM, standard error of the mean. Means in the same row with different lowercased letter differ (P < 0.05). traits of layer chicken. One of the reasons of the improving effect of dietary ERB supplementation on eggshell thickness might be related to high amounts of polyunsaturated fatty acids of vitamin E present in ERB, which might prevent feed oxidation and may contribute to egg formation. These beneficial protective effects of vitamins were evidenced by increases of egg production and qualities in supplemented laying hens (Ciftci et al. 2005) .
Our results revealed that the ERB supplementation in the diet of laying hens had a positive effect on excreta Lactobacillus, but a negative effect of ERB was observed on E. coli. Similar results have been found by Henderson et al. (2012) that the number of Lactobacillus was increased in mice fed with 10% rice bran. Hossain et al. (2016) has also reported that dietary ERB supplementation caused an increase in faecal Lactobacillus counts in weaning pigs. Moreover, the fibre component of ERB has been reported to benefit only Lactobacillus to survive and ultimately depressed the growth of E. coli (Gestel et al. 1994; Bird et al. 2000) . It has been reported that uninfected mice fed with 10% and 20% rice bran diets have 170-and 167-fold higher numbers of faecal Lactobacillus, respectively, compared with mice fed with the control diet . Several studies on pigs, broilers, and rats suggested that production of lactic acid in the ceca could enhance beneficial bacteria, such as Lactobacillus spp. and Bifidobacteria spp., by suppressing undesirable bacteria, such as E. coli and Salmonella spp. (Bieklecka et al. 2002; Patterson and Burkholder 2003; Yan et al. 2012; Hossain et al. 2016) . The lactic acid produced by Lactobacillus lower the pH of the intestine, which cannot be tolerated by E. coli, eventually leading to depression of the proliferation E. coli. This could be an explanation for increase of Lactobacillus and decrease of E. coli in the excreta of layers fed ERB diet.
Conclusion
Our results indicated that supplementation of ERB in laying hens diets could significantly enhance egg production percentage during weeks 5, 6, and during the 6 wk production trial. In addition, the count of Lactobacillus was significantly increased, whereas the count of excreta E. coli was significantly decreased after laying hens were fed with diets supplemented with ERB.
